Environmental gamma radiation dose rates were measured using a digital portable Gamma-Scout detector from April-May 2018. For this, total 22 monitoring points (MP) were selected in the outdoor environment in the area of Ramna Thana under Dhaka city. The MPs were marked-out using Global Positioning System (GPS) navigation. The GPS reading of the sampling locations were varied from E: 90 o 23.568' to E: 90 o 24.895' and from N: 23 o 44.031' to N: 23 o 45.018'. The measured dose rates due to natural radionuclides were ranged from 0.115 ± 0.042 µSv.h -1 to 0.186 ± 0.051 µSv.h -1 with an average of 0.145 ± 0.044 µSv.h -1 . The annual effective dose to the population from outdoor environmental gamma radiation was varied from 0.201 ± 0.073 mSv to 0.326 ± 0.090 mSv with an average of 0.255 ± 0.073 mSv. This kind of study is required to detect the presence of natural radionuclides and artificial radionuclides (if any) releasing from nuclear and radiological facilities in the country or from neighboring countries for normal operations or in case of accident/incident. From this study, it can be concluded that there is no radiation burden to the environment due to man-made sources.
Introduction
The majority of human exposure to ionizing radiation occurs from natural sources including cosmic rays and terrestrial radiation [1] . Exposure to extraterrestrial origin radiation, galactic cosmic rays and energetic particles from solar particle events depends mostly on geographical characteristics of a place such as altitude, latitude and solar activity [2, 3] . Natural radionuclides of terrestrial origin have very long half-lives or driven from very long-lived parent radionuclides which have been created stellar processes before the earth formation. Excluding exposure from direct cosmic rays and cosmogenic radionuclide from extraterrestrial sources, natural exposures arise mainly from the primordial radionuclides such as 238 U & 232 Th series and 40 K which are spread widely and are present in all most geological materials in the earth's environment [4, 5] . Unlike the pollutants with anthropogenic sources that are introduced into the environment through human activity [6] , terrestrial origin radionuclides are naturally present at trace levels in all environmental compartments. Most radionuclides in the uranium series, thorium series and 40 K emit gamma radiation giving rise to human exposures from gamma rays outdoor. Gamma ray accounts for the majority of external human exposures to radiation from all type of sources due to its high penetration ability [7] . Gamma radiation is ubiquitous. Great variations have been observed in environmental radiation levels and several international studies have been characterized gamma dose rates both in outdoor and indoor environments [8] [9] [10] [11] [12] .
Both laboratory and in-situ gamma spectroscopy are often used for monitoring and assessment of radioactivity and radiation dose rates in the environment due to both natural and anthropogenic sources [13] [14] [15] [16] [17] [18] . In-situ techniques for measuring the activity concentration resulting from the gamma radiation and characterizing its sources with gamma ray spectrometer have been used successfully in the outdoor environment [13, [19] [20] [21] .
The presence of naturally occurring radionuclides in the environment may result in an external and internal dose received by a population exposed to them directly and through the ingestion and inhalation pathways. The assessment of the radiological impact on a population as a result of the radiation emitted by these radionuclides is important since they contribute to the collective dose of the population [22] . The In-situ gamma-ray dose rate measurement is highly reliable in indoor and outdoor environments [23] . The radiographies, CT and X-ray investigations can protect life but their high level radiation doses can affect people health [24] . This type of study is very important for radiation protection purpose in the country because the usage of radiation sources for diagnostic and therapeutic purposes in hospitals is increasing day by day. It is mentionable that several largest hospitals, notably Bangabandhu Sheikh Mujib Medical University Hospital is situated within the boundary of Ramna Thana and BIRDEM Hospital is situated in the Ramna Thana. In addition, many people with their children used to visit Ramna Park and Shishu Park for recreation. These two national Parks are also located in the Ramna Thana. The aim of the present study is to measure the environmental terrestrial gamma radiation dose rate at Ramna Thana in Dhaka city and to determine the annual effective radiation doses to which people are exposed from terrestrial gamma radiation.
Materials and Methods

Description of the site
The study location was marked out using GARMIN eTrex HC series personal navigator. The unit uses the proven performance of Garmin high-sensitivity GPS and full-featured mapping to create an unsurpassed portable GPS receiver [25] . The study site is located from E: 90 o 23 
Description of the apparatus
A real-time digital portable radiation monitoring device which is known as GAMMA SCOUT was used for this study. GAMMA SCOUT is German designed and manufactured, built with a solid Novadur exterior. An optional stylish leather holster with belt strap can further protect the GAMMA SCOUT from the elements. The GAMMA SCOUT meets all European CE standards as well as US FCC 15. All units come with an industry leading 2-year manufacturer's warranty and a serialized test certificate. The GAMMA SCOUT is a fully featured Geiger counter with a form fitting ergonomic shape. The unit has a battery indicator, multiple unit conversion, real-time dose rate and cumulative dose display functions and programmable logging and alert functions. Advanced functions include PC data download via USB cable and an ultra-low current power circuit for extended battery life [27] . The measurements were performed every day at 04 (four) MPs from April-May 2018. For each location, the real-time digital portable radiation monitoring device (GAMMA SCOUT) was placed on tripod at 1 m height and time for dose rate measurement was 1 h. Fig. 1 shows the location of Ramna Thana in Dhaka city where outdoor environmental gamma radiation measurement was performed using a digital portable radiation monitoring device through In-situ technique. Table 1 gives the description of monitoring points (MPs). This site was marked out using Global Positioning System (GPS) navigation.
Calibration
The GAMMA SCOUT was calibrated inbuilt by the manufacturer. The GAMMA SCOUT is also calibrated at the Secondary Standard Dosimetry Laboratory under Bangladesh Atomic Energy Commission using gamma-ray standard sources. The GAMMA SCOUT accurately measures dose rate in the range of 0.01-5000 µSv/h.
Data taking process and calculation formula
Environmental gamma radiation dose rates were measured in the area of Ramna Thana under Dhaka city. The measurement was performed using a digital portable Gamma-Scout detector from April-May 2018. The digital portable Gamma-Scout detector was placed at 1 m above the ground on tripod and data acquisition time for each monitoring point (MP) was 1 h. Total 22 MPs were selected for collection of gamma-ray dose rates in the outdoor environment at the area of Ramna Thana as shown in Fig. 1 . The MPs were marked-out using Global Positioning System (GPS) navigation as shown in Table 1 . UNCEAR 1988 [28] recommended the outdoor occupancy factor of 0.20 to population. This occupancy factor is the proportion of the total time during which an individual is exposed to a radiation field at outdoor. The outdoor annual effective dose to population due to gamma radiation is calculated according to the following equation [29, 30] .
Results and Discussion
Collection of field gamma-ray dose rate
Measurement of outdoor environmental gamma radiation dose rate was carried out at the area of Ramna Thana in Dhaka city from April-May 2018 following In-Situ technique.
The contribution of dose rates in all monitoring points arising from natural radionuclides.
Absorbed dose rate and annual effective dose
The measured dose rates due to natural radionuclides were ranged from 0.115 ± 0.042 µSv.h -1 to 0.186 ± 0.051 µSv.h -1 with an average of 0.145 ± 0.044 µSv.h -1 . Using the conversion factor of 0.7 Sv Gy -1 as recommended by UNSCEAR 2000 [31] , and considering that people in Bangladesh spend approximately 20 % of their time outdoor and remaining 80% of time indoor; the annual effective dose received by people in Dhaka city due to the environmental gamma radiation is given in Table 1 . The annual effective dose rates of the population due to the outdoor environmental gamma radiation were also calculated and it was varied from 0.201 ± 0.073 mSv to 0.326 ± 0.090 mSv. The mean annual effective dose was found to be 0.255 ± 0.073 mSv. Moreover, environmental radiation and radioactivity monitoring is crucial to generate the baseline database from natural sources before starting operation of the country's first nuclear power plant. The national baseline database is very important for comparison before and after operation of the nuclear power plant. This study is very useful to know the artificial radionuclides releasing (if any) to the environment from man-made sources like hospitals. Therefore, real-time gamma radiation measurement is very vital in and around radiological facilities (hospitals) for the safety of the public. The frequency distribution of the terrestrial gamma absorbed dose rates in air follow a normal type distribution as shown in Fig. 3 . The annual effective dose range due to the outdoor environmental gamma radiation to the population of Dhaka city is tabulated in Table 2 . It can be seen from Table 2 that the range of dose rate and annual effective dose to population of Ramna Thana is lower than some countries like Italy, Indonesia, India, China and higher than China (Tibet), Azerbaijan. The exact reason for high radiation doses are not known, but might be attributed to geographical, geological, and altitude of cities studied. The average levels of annual effective dose to populations for countries are mostly in the range of 0.30-0.60 mSv [32] . The annual effective dose to population in Dhaka city ranged from 0.201-0.326 mSv which is within the range of worldwide average. The average outdoor environmental gamma radiation dose rate in the study area was found to be 0.145 ± 0.044 µSv.h -1 which is equal to the urban area of Brazil [32] . 
Conclusion
The present study has measured the real-time outdoor environmental gamma radiation dose rates at Ramna Thana in Dhaka city. The average outdoor environmental gamma radiation dose rate in the study area was found to be 0.145 ± 0.044 µSv.hr -1 which is equal to the urban area of Brazil. Environmental radiation and radioactivity monitoring is crucial to generate the baseline database from natural sources before starting operation of the country's first nuclear power plant. The national baseline database is very important for comparison before and after operation of the nuclear power plant. This study is very useful to know the artificial radionuclides releasing (if any) to the environment from manmade sources like hospitals. Therefore, real-time gamma radiation measurement is very essential in and around radiological facilities (hospitals) for the safety of the public. From this study, it is observed that the assessment of the radionuclide level of the area did not detect the presence of any artificial radionuclides and thus no significant impact of the extensive usage of radioactive materials within and around the area of Ramna Thana and no radiation burden to the environment. Finally, it can be concluded that adequate safety and radiation protection of nuclear & radiological facilities had been ensured which is required for minimizing of unnecessary exposure to populations from man-made sources.
